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(57)  AMOSFET circuit achieving high speed opera-
tion and low power consumption for a wide supply volt-
age range. MOSFET circuits (111 and 112) are
connected between a low threshold voltage CMOS cir-
cuit (3) and a supply voltage (VDD) and ground, as a
power controller for switching power supply in response
to sleep/active modes. High threshold voltage MOS-

MOSFET circuit and CMOS logic circuit using the same

FETs (M1 and MB3) in the MOSFET circuits (111 and
112) are gate biased by low threshold voltage MOS-
FETs (M2 and M4), thereby preventing a current from
flowing across the backgate terminal and the source ter-
minal.
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Description

The present invention relates to a MOSFET that
can achieve high speed operation and low power con-
sumption in a wide supply voltage range from low to
high voltages, and particularly to a MOSFET suitable for
an SOI (Silicon On Insulator) integrated circuit, and
CMOS logic circuits using this MOSFET.

A conventional low voltage CMOS logic circuit is
disclosed in Japanese patent application laying-open
No. 29834/1994. The CMOS logic circuit can operate
with 1V battery supply by combining a plurality of MOS-
FETs of a low threshold voltage (of about 0.2V) and a
high threshold voltage (of about 0.6V) as shown in Fig.
1. The circuit is an ingenious combination of low thresh-
old voltage MOSFETs and high threshold voltage MOS-
FETs, the former being capable of high speed operation
at the cost of a large leakage current in the non-conduc-
tive state, whereas the latter having small leakage cur-
rent in the non-conductive state at the cost of a low
operating speed.

More specifically, the circuit includes a quasi-high-
potential (VDDv) power supply line 41 and a quasi-low-
potential (VDDs) power supply line 51 in addition to a
high-potential (VDD) power supply line 1 and a low-
potential (VSS) power supply line 2 which is normally
grounded as shown in Fig. 1. Between these lines 41
and 51, a low threshold voltage CMOS logic circuit 3 is
connected which comprises low threshold voltage p-
channel MOSFETs M11 and n-channel MOSFETs M12.
Furthermore, a p-channel MOSFET M13 is connected
between the quasi-high-potential power supply line 41
and the high-potential power supply line 1, and an n-
channel MOSFET M14 is connected between the quasi-
low-potential power supply line 51 and the low-potential
power supply line 2. The reference numeral 4 desig-
nates a high-potential power supply controller including
MOSFET M13 and the quasi-high-potential power sup-
ply line 41, and the reference numeral 5 denotes a low-
potential power supply controller including the MOSFET
M14 and the quasi-low-potential power supply line 51.

The CMOS logic circuit 3 is arranged with the low
threshold voltage MOSFETs M11 and M12, and this
enables a high speed operation with a low supply volt-
age. In addition, since the power supply passage to the
low threshold voltage CMOS logic circuit 3 is provided
with the high threshold voltage p-channel MOSFET
M13 and n-channel MOSFET M14, the leakage current
to the CMOS logic circuit 3 is prevented from flowing in
a sleep mode (with a sleep signal SL at "H" level),
thereby reducing the power consumption. In this figure,
*SL denotes the inverted signal of the sleep signal SL.

Fig. 2 shows another circuit proposed in U.S. patent
application No. 08/495,785. This is an improved circuit
of Fig. 1, in which the high-potential and low-potential
power supply controllers 4 and 5 are provided with the
MOSFETs M13 and M14 with their backgate (substrate)
terminals connected to their gate terminals.
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Connecting the backgate terminal to the gate termi-
nal realizes variable threshold voltage MOSFETSs. This
is because the threshold voltages of the MOSFET M13
and M14 are reduced in the active mode owing to the
backgate effect in which the threshold voltage of a
MOSFETSs is changed by a voltage applied to its back-
gate terminal. This makes it possible to further reduce
the supply voltage in the circuit of Fig. 2.

Although there are provided the quasi-power sup-
ply lines 41 and 51, and the high threshold voltage
MOSFETs M13 and M14 at both high-potential and low-
potential sides of the low threshold voltage CMOS logic
circuit 3, they can be provided only at one side of the
CMOS logic circuit 3.

Incidentally, the same integrated circuit may be
used not only with a low voltage power supply, but also
with a wide supply voltage range from less than 1V up
to3Vio SV.

Let us consider the high threshold voltage n-chan-
nel MOSFET M14 for controlling the power supply in
Fig. 2. The following explanation can be applied to the
other high threshold voltage MOSFET M13 in a similar
manner. The n-channel MOSFET M14 has a p-semi-
conductor backgate region (a substrate or well in a bulk
MOS structure). As a result, a parasitic diode D3 is
formed across the backgate region B and the source S.
Thus, the MOSFET M14 as shown in Fig. 3A has an
equivalent circuit as shown in Fig. 3B.

The parasitic diode D3 will conduct when the gate-
source voltage Vgs of the MOSFET M14 exceeds the
forward voltage Vf of the parasitic diode D3. The forward
voltage Vf is defined as a voltage at which current
begins to flow through the diode 3 when an increasing
forward voltage is applied thereto, and is about 0.8V in
this case. Thus, a passage is formed through the gate
terminal, backgate terminal and parasitic diode D3,
thereby sharply increasing the gate current.

When the inverted sleep signal *SL = Vgs = VDD,
the power control MOSFET M14 in Fig. 2 is in the ON
state. Accordingly, if VDD is equal to or greater than Vi,
power supply to the low threshold voltage CMOS logic
circuit 3 is impossible in the circuit of Fig. 2.

Fig. 4 shows a conventional example of a CMOS
logic circuit capable of operating at a high speed with a
supply voltage less than 1V close to the threshold voli-
age of the MOSFETSs. The circuit is taught by T. Andoh,
et al,, "Design Methodology for Low-Voltage MOS-
FETs", IEDM Technical Digest, pp. 79-82, 1994.

The circuit of Fig. 4 is a CMOS inverter consisting of
a p-channel MOSFET M3 and an n-channel MOSFET
M4, with their gate terminals and backgate terminals
connected in common. The reference numerals 14 and
15 denote a signal input terminal and a signal output
terminal, respectively.

The backgate region (n-type semiconductor) and
the source region (p-type semiconductor) are forwardly
biased in the p-channel MOSFET M3, when a low level
voltage (equal to ground voltage) is applied to the gate
terminal via the signal input terminal 14 because the
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voltage of the backgate terminal connected to the gate
terminal is also reduced.

On the other hand, the backgate region (p-type
semiconductor) and the source region (n-type semicon-
ductor) are forwardly biased in the n-channel MOSFET
M4, when a high level voltage (equal to the supply volt-
age VDD) is applied to the gate terminal via the signal
input terminal 14 because the voltage of the backgate
terminal connected to the gate terminal is also
increased.

In MOSFETS, either in the p-channel or n-channel
MOSFETSs, the forward bias applied across the back-
gate region and the source region will reduce the deple-
tion layer in the backgate region. The threshold voltage
of a MOSFET is determined by a ratio of the charge
density Qg to the gate capacitance Cgx, and hence the
threshold voltage decreases with a reduction in the
depletion layer width and Qg. In this case, the absolute
value of the threshold voltage of the p-channel MOS-
FET reduces.

Thus, when the high level voltage is applied to the
signal input terminal 14 of the CMOS inverter in Fig. 4,
that is, when the n-channel MOSFET M4 is turned on,
the threshold voltage of only the n-channel MOSFET
M4 is reduced. Reversely, when the low level voltage is
applied to the signal input terminal 14, that is, when the
p-channel MOSFET M3 is turned on, the threshold volt-
age of only the p-channel MOSFET M3 is reduced.
Since the reduced threshold voltage will further
increase the current driving power, a supply voltage less
than 1V close to the normal threshold voltage can
achieve high speed operation.

The circuit as shown in Fig. 4, however, presents
the following problem. Let us consider a circuit of Fig. 5,
in which three CMOS inverters as shown in Fig. 4 are
connected in cascade. When the low level voltage L and
the high level voltage H are applied as shown in Fig. 5,
the input terminal to the inverter #3 is placed at the low
level. Thus, the gate voltage of the p-channel MOSFET
M33 equals the ground potential, and its source voltage
equals the supply voltage VDD.

Therefore, a forward biased parasitic diode is
formed in the p-channel MOSFET M33, with its anode
being the source (p-type semiconductor) and its cath-
ode being the backgate terminal (n-type semiconduc-
tor). On the other hand, the n-channel MOSFET M42 of
the inverter #2 at the preceding stage is in the ON state
because its gate voltage is placed at the supply voltage.

As a result, a short-circuit current flows from the
power supply terminal to the ground terminal through a
passage as shown by the broken lines passing through
the power supply terminal, the source (p-type semicon-
ductor) of the conductive p-channel MOSFET M33, the
backgate terminal (n-type semiconductor) of the MOS-
FET M33, the drain of the conductive n-channel MOS-
FET M42, the source of the MOSFET M42 and the
ground.

Likewise, a short-circuit current flows through the
power supply terminal, the source of the conductive p-
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channel MOSFET M31, the drain of the MOSFET M31,
the backgate terminal (p-type semiconductor) of the
conductive n-channel MOSFET M42, the source (n-type
semiconductor) of the MOSFET M42, and the ground.

As a result, the circuit of Fig. 5 cannot normally
operate with a supply voltage higher than the forward
voltage Vf (for example, 0.8V) owing to a sharp increase
in the leakage current of the CMOS logic circuit, which
is caused by a quick increase in the forward current of
the pn-junction diode, which exhibits an exponential
increase beyond the forward voltage Vf. Thus, the circuit
as shown in Fig. 5 has a problem in that its supply volt-
age is limited to within the forward voltage VAi.

It is therefore an object of the present invention to
provide a MOSFET which conducts no substantial cur-
rent through the parasitic diode irrespective of the sup-
ply voltage, whether it is greater than or less than the
forward voltage of the parasitic diode across the source
region and the backgate region, thereby eliminating the
problems described above.

Another object of the present invention is to provide
CMOS logic circuits that can achieve high speed opera-
tion and low power consumption in a wide supply volt-
age range.

In a first aspect of the present invention, there is
provided a MOSFET circuit comprising:

afirst MOSFET having a first threshold voltage; and
a second MOSFET having a second threshold volt-
age lower than or equal to the first threshold volt-
age, the second MOSFET having a gate electrode
and a first main current electrode connected to a
backgate electrode of the first MOSFET, and a sec-
ond main current electrode connected to an exter-
nal signal.

Here, the first main current electrode may be a
source electrode, and the second main current elec-
trode may be a drain electrode.

A gate electrode of the first MOSFET may be con-
nected to the second main current electrode of the sec-
ond MOSFET.

The second threshold voltage may be lower than
the first threshold voltage.

The second threshold voltage may be equal to the
first threshold voltage.

In a second aspect of the present invention, there is
provided a CMOS logic circuit including a series con-
nection of a load transistor and a driver transistor, one of
the driver transistor and the load transistor including a
first MOSFET circuit, the first MOSFET circuit compris-

ing:

afirst MOSFET having a first threshold voltage, and
being connected to the other of the driver transistor
and the load transistor; and

a second MOSFET having a second threshold volt-
age lower than the first threshold voltage, and hav-
ing a gate electrode and a first main current
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electrode connected to a backgate electrode of the
first MOSFET, and a second main current electrode
connected to a gate electrode of the first MOSFET.

Here, the other of the driver transistor and the load
transistor may be a MOSFET, and the CMOS logic cir-
cuit may be a CMOS inverter.

The load transistor may comprise M (M is an inte-
ger greater than one) MOSFETs connected in series,
and the driver transistor may comprise M the first MOS-
FET circuits connected in parallel, and the CMOS logic
circuit may be a NOR circuit.

The load transistor may comprise M (M is an inte-
ger greater than one) MOSFETs connected in parallel,
and the driver transistor may comprise M the first MOS-
FET circuits connected in series, and the CMOS logic
circuit may be a NAND circuit.

The other of the driver transistor and the load tran-
sistor may include a second MOSFET circuit, the sec-
ond MOSFET comprising:

a third MOSFET having a third threshold voltage,
and being connected with the first MOSFET circuit
in series; and

a fourth MOSFET having a fourth threshold voltage
lower than the third threshold voltage, and having a
gate electrode and a first main current electrode
connected to a backgate electrode of the third
MOSFET, and a second main current electrode
connected to a gate electrode of the third MOSFET.

Here, the CMOS logic circuit may be a CMOS
inverter.

The driver transistor may comprise M (M is an inte-
ger greater than one) first MOSFET circuits connected
in parallel, and the load transistor may comprise M sec-
ond MOSFET circuits connected in series, and the
CMOS logic circuit may be a NOR circuit.

The driver transistor may comprise M (M is an inte-
ger greater than one) first MOSFET circuits connected
in series, and the load transistor may comprise M sec-
ond MOSFET circuits connected in parallel, and the
CMOS logic circuit may be a NAND circuit.

In a third aspect of the present invention, there is
provided a buffer circuit including a first CMOS inverter
and a second CMOS inverter alternately connected in
cascade,

wherein a load transistor of the first CMOS
inverter comprises:

a first MOSFET having a first threshold voltage, and
being connected with a driver transistor of the first
CMOS inverter in series; and

a second MOSFET having a second threshold volt-
age lower than the first threshold voltage, and hav-
ing a gate electrode and a first main current
electrode connected to a backgate electrode of the
first MOSFET, and a second main current electrode
connected to a gate electrode of the first MOSFET,
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and

wherein a driver transistor of the second
CMOS inverter comprises:
a third MOSFET having a third threshold voltage,
and being connected with a load transistor of the
second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold voltage
lower than the third threshold voltage, and having a
gate electrode and a first main current electrode
connected to a backgate electrode of the third
MOSFET, and a second main current electrode
connected to a gate electrode of the third MOSFET.

In a fourth aspect of the present invention, there is
provided a CMOS logic circuit including a low threshold
CMOS logic circuit and at least one switching circuit, the
low threshold CMOS logic circuit including MOSFETs
with a threshold voltage lower than a first threshold volt-
age, and the switching circuit being connected between
a power supply terminal of the low threshold CMOS
logic circuit and a power supply, wherein the switching
circuit comprises:

a first MOSFET having the first threshold voltage,
and being connected between the power supply
and the power supply terminal of the low threshold
CMOS logic circuit; and

a second MOSFET having a second threshold volt-
age lower than the first threshold voltage, and hav-
ing a gate electrode and a first main current
electrode connected to a backgate electrode of the
first MOSFET, and a second main current electrode
connected to a gate electrode of the first MOSFET.

Here, the switching circuit may be connected
between a high potential terminal of the power supply
and a high potential power supply terminal of the low
threshold CMOS logic circuit.

The switching circuit may be connected between a
low potential terminal of the power supply and a low
potential power supply terminal of the low threshold
CMOS logic circuit.

The switching circuit may be further connected
between a low potential terminal of the power supply
and a low potential power supply terminal of the low
threshold CMOS logic circuit.

The CMOS logic circuit may be switched between a
sleep mode and an active mode by a sleep signal exter-
nally fed, and may further comprise a first buffer con-
nected to a non-inverted sleep signal input terminal of
the CMOS logic circuit, and a second buffer connected
to an inverted sleep signal input terminal of the CMOS
logic circuit,

wherein the first buffer comprises a first CMOS
inverter and a second CMOS inverter alternately con-
nected in cascade, and a load transistor of the first
CMOS inverter comprises:
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a first MOSFET having the first threshold voltage,
and being connected with a driver transistor of the
first CMOS inverter in series; and
a second MOSFET having a second threshold volt-
age lower than the first threshold voltage, and hav-
ing a gate electrode and a first main current
electrode connected to a backgate electrode of the
first MOSFET, and a second main current electrode
connected to a gate electrode of the first MOSFET,

wherein a driver transistor of the second
CMOS inverter comprises:
a third MOSFET having a third threshold voltage,
and being connected with a load transistor of the
second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold voltage
lower than the third threshold voltage, and having a
gate electrode and a first main current electrode
connected to a backgate electrode of the third
MOSFET, and a second main current electrode
connected to a gate electrode of the third MOSFET,
and

wherein the second buffer comprises the
second CMOS inverter and the first CMOS inverter
alternately connected in cascade.

The CMOS logic circuit may be switched between a
sleep mode and an active mode by a sleep signal exter-
nally fed, and may further comprise a buffer connected
to a non-inverted sleep signal input terminal of the
CMOS logic circuit,

wherein the buffer comprises a first CMOS
inverter and a second CMOS inverter alternately con-
nected in cascade, and a load transistor of the first
CMOS inverter comprises:

a first MOSFET having the first threshold voltage,
and being connected with a driver transistor of the
first CMOS inverter in series; and
a second MOSFET having a second threshold volt-
age lower than the first threshold voltage, and hav-
ing a gate electrode and a first main current
electrode connected to a backgate electrode of the
first MOSFET, and a second main current electrode
connected to a gate electrode of the first MOSFET,
and

wherein a driver transistor of the second
CMOS inverter comprises:
a third MOSFET having a third threshold voltage,
and being connected with a load transistor of the
second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold voltage
lower than the third threshold voltage, and having a
gate electrode and a first main current electrode
connected to a backgate electrode of the third
MOSFET, and a second main current electrode
connected to a gate electrode of the third MOSFET.

The CMOS logic circuit may be switched between a
sleep mode and an active mode by a sleep signal exter-
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nally fed, and further may comprise a buffer connected
to an inverted sleep signal input terminal of the CMOS
logic circuit,

wherein the buffer comprises a first CMOS
inverter and a second CMOS inverter alternately con-
nected in cascade, wherein a driver transistor of the first
CMOS inverter comprises:

a first MOSFET having the first threshold voltage,
and being connected with a load transistor of the
first CMOS inverter in series; and
a second MOSFET having a second threshold volt-
age lower than the first threshold voltage, and hav-
ing a gate electrode and a first main current
electrode connected to a backgate electrode of the
first MOSFET, and a second main current electrode
connected to a gate electrode of the first MOSFET,
and

wherein a load transistor of the second
CMOS inverter comprises:
a third MOSFET having a third threshold voltage,
and being connected with a driver transistor of the
second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold voltage
lower than the third threshold voltage, and having a
gate electrode and a first main current electrode
connected to a backgate electrode of the third
MOSFET, and a second main current electrode
connected to a gate electrode of the third MOSFET.

In a fifth aspect of the present invention, there is
provided a CMOS logic circuit comprising:

an internal CMOS logic circuit including a set of M
(M is an integer equal to or greater than one) driver
transistors and a set of M load transistors, the inter-
nal CMOS logic circuit changing its operation mode
in response to an external control signal; and
afirst MOSFET connected to a first MOSFET circuit
constituting one of the set of driver transistors and
the set of load transistors, wherein the first MOS-
FET has a same channel type as the first MOSFET
circuit, and comprises a gate electrode and a first
main current electrode connected to a backgate
electrode of the first MOSFET circuit, and a second
main current electrode connected to the external
control signal.

The CMOS logic circuit may further comprise a sec-
ond MOSFET connected to a second MOSFET circuit
constituting the other of the set of driver transistors and
the set of load transistors, wherein the second MOSFET
may have a same channel type as the second MOSFET
circuit, and may comprise a gate electrode and a first
main current electrode connected to a backgate elec-
trode of the second MOSFET circuit, and a second main
current electrode connected to an inverted signal of the
external control signal.
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A threshold voltage of each of the first MOSFET
and the second MOSFET may be lower than a threshold
voltage of MOSFETSs included in the internal CMOS
logic circuit.

The internal CMOS logic circuit may comprise one
or more CMOS inverters.

The internal CMOS logic circuit may comprise a
transmission gate.

The internal CMOS logic circuit may comprise a
memory cell, and the control signal may be a word line
signal.

The control signal may be a sleep signal which
switches a mode of the internal CMOS logic circuit into
a sleep mode or into an active mode.

Each MOSFET of the CMOS logic circuit may be a
SOIFET which is formed on a SOI (Semiconductor On
Insulator) substrate.

Carrier concentration of a body of each the low
threshold MOSFET may be controlled such that the
body becomes a fully depleted state.

Carrier concentration of a body of each the low
threshold MOSFET may be controlled such that the
body becomes a partially depleted state.

According to one aspect of the present invention,
the second MOSFET connected between the gate ter-
minal and the backgate terminal of the first MOSFET
functions as a reverse biased diode, thereby preventing
a substantial current from flowing from the gate terminal
to the backgate terminal. As a result, even if the supply
voltage exceeds the forward voltage Vf of the parasitic
diode formed between the source terminal and the
backgate terminal of the first MOSFET, the parasitic
diode does not conduct, which makes it possible to
employ a high supply voltage. In addition, since the first
MOSFET takes a variable threshold voltage which is
reduced in the ON state, high speed operation is possi-
ble. Thus, the present invention can provide a high
speed, wide supply voltage range MOSFET.

According to another aspect of the present inven-
tion, the backgate terminal of each MOSFET in the
internal CMOS logic circuit is connected to the control
terminal through the second MOSFET (a rectifier ele-
ment). As a result, the rectifier element is reversely
biased when the forward bias is applied to the backgate
region and the source region of each MOSFET in the
internal CMOS logic circuit by the control signal fed to
the control terminal.

Thus, when the rectifier element is reversely biased
by the control signal applied to the backgate terminals,
the MOSFETSs are forwardly biased by the leakage cur-
rent flowing through the rectifier element, thereby
reducing the threshold voltage, and increasing the driv-
ing power of the MOSFETSs. This makes it possible for
the CMOS logic circuit to use a low supply voltage, and
to achieve high speed operation. This mode is suitable
for an active mode. In this case, since the current flow-
ing through the backgate region is limited by the rectifier
element, it does not increase sharply even if the supply
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voltage exceeds the forward voltage Vi between the
backgate region and the source region.

In contrast, when the rectifier element is forwardly
biased by the control signal applied to the backgate ter-
minal, a reverse bias is applied to the MOSFETSs by the
current flowing through the rectifier element. Thus, the
reduction in the threshold voltage does not occur,
thereby achieving the reduction in the leakage current of
the MOSFETS, and the power consumption. Thus, this
mode is suitable for the sleep mode.

The above and other objects, effects, features and
advantages of the present invention will become more
apparent from the following description of the embodi-
ments thereof taken in conjunction with the accompany-
ing drawings.

Fig. 1 is a circuit diagram showing a conventional
CMOS logic circuit;

Fig. 2 is a circuit diagram showing another conven-
tional CMOS logic circuit, an improved version of
the CMOS logic circuit shown in Fig. 1;

Figs. 3A and 3B are circuit diagrams illustrating the
operation of the n-channel MOSFET M14 as shown
in Fig. 2, wherein Fig. 3A is a circuit diagram show-
ing the MOSFET M14 in its single form, and Fig. 3B
shows an equivalent circuit of the MOSFET M14;
Fig. 4 is a circuit diagram of a conventional CMOS
inverter;

Fig. 5 is a circuit diagram showing a cascade con-
figuration of three CMOS inverters shown in Fig. 4;
Figs. 6A and 6B are circuit diagrams showing a first
embodiment of a MOSFET in accordance with the
present invention, wherein Fig. 6A shows an n-
channel MOSFET, and Fig. 6B shows a p-channel
MOSFET;

Figs. 7A - 7D are diagrams illustrating the operation
of the n-channel MOSFET 112 as shown in Fig. 6A;
Fig. 8 is a graph illustrating the clamping operation
of the backgate voltage in the n-channel MOSFET
112;

Figs. 9A and 9B are views showing a SOl p-channel
MOSFET 112, wherein Fig. 9A is a plan view, and
Fig. 9B is a cross-sectional view taken along the
line A-A of Fig. 9A;

Fig. 10 is a graph illustrating relationships between
the carrier concentration of the body and the
threshold voltage of the n-channel MOSFET 112;
Fig. 11A is a schematic cross-sectional view illus-
trating the depletion layer width W of the body of the
low threshold voltage SOl MOSFET of the first
embodiment;

Fig. 11B is a schematic cross-sectional view illus-
trating the depletion layer width W of the body of the
high threshold voltage SOI MOSFET of the first
embodiment;

Figs. 12A and 12B are views showing a bulk p-
channel MOSFET 112, wherein Fig. 12A is a plan
view, and Fig. 12B is a cross-sectional view taken
along the line A-A of Fig. 12A;
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Figs. 13A and 13B are diagrams illustrating charac-
teristics of the MOSFET of the conventional circuit;
Figs. 13C and 13D are diagrams illustrating charac-
teristics of the MOSFET of the first embodiment;
Figs. 14A and 14B are circuit diagrams showing
variations of the first embodiment;

Figs. 15A and 15B are circuit diagrams showing
CMOS inverters in accordance with a second
embodiment of the present invention, wherein Fig.
15A shows an inverter using the MOSFET of the
first embodiment as its driver transistor, and Fig.
15B shows an inverter employing the MOSFET of
the first embodiment as its load transistor;

Figs. 16A and 16B are block diagrams showing var-
iations of the second embodiment of the present
invention, wherein Fig. 16A shows a NOR circuit,
and Fig. 16B shows a NAND circuit;

Fig. 17 is a circuit diagram showing a CMOS
inverter in accordance with a third embodiment of
the present invention;

Figs. 18A and 18B are block diagrams showing
CMOS logic circuits in accordance with the third
embodiment of the present invention, wherein Fig.
18A shows a NOR gate, and Fig. 18B shows a
NAND gate;

Figs. 19A and 19B are block diagrams showing
buffer circuits in accordance with a fourth embodi-
ment of the present invention;

Fig. 20 is a circuit diagram showing a CMOS logic
circuit in accordance with a fifth embodiment of the
present invention;

Figs. 21A and 21B are circuit diagrams showing
variations of the fifth embodiment;

Figs. 22A - 22C are block diagrams showing CMOS
logic circuits in accordance with a sixth embodi-
ment of the present invention;

Fig. 23 is a circuit diagram showing a CMOS logic
circuit in accordance with a seventh embodiment of
the present invention;

Fig. 24 is a table illustrating operation modes of the
CMOS logic circuit of the seventh embodiment;
Fig. 25 is a circuit diagram showing a CMOS logic
circuit in accordance with an eighth embodiment of
the present invention;

Fig. 26 is a circuit diagram showing a CMOS logic
circuit in accordance with a ninth embodiment of
the present invention;

Fig. 27 is a circuit diagram showing a CMOS logic
circuit in accordance with a tenth embodiment of
the present invention; and

Fig. 28 is a graph illustrating the reduction effect of
a leakage current in the tenth embodiment.

The invention will now be described with reference
to the accompanying drawings.
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EMBODIMENT 1

Figs. 6A and 6B show MOSFETSs in accordance
with a first embodiment of the present invention. Fig. 6A
shows an n-channel MOSFET circuit 112 comprising a
high threshold voltage n-channel MOSFET M1 and a
low threshold voltage n-channel MOSFET M2. The
drain terminal D of the MOSFET M2 is connected to the
gate terminal G of the MOSFET M1, and the source ter-
minal S and the gate terminal G of the MOSFET M2 are
connected to the backgate terminal (substrate) B of the
MOSFET M1.

Fig. 6B, on the other hand, shows a p-channel
MOSFET circuit 111 comprising a high threshold volt-
age p-channel MOSFET M3 and a low threshold volt-
age p-channel MOSFET M4. The drain terminal D of the
MOSFET M4 is connected to the gate terminal G of the
MOSFET M3, and the source terminal S and the gate
terminal G of the MOSFET M4 are connected to the
backgate terminal (substrate) B of the MOSFET M3.

It is sufficient for the low threshold voltage MOS-
FETs M2 and M4 that their channel width is about 1/100
of that of the high threshold voltage MOSFETs M1 and
M3. This is because a demand for the MOSFETs M2
and M4 is fully satisfied only if they function as a diode.
In addition, since they occupy only a very small area, an
areal increase involved in adding the MOSFETs M2 and
M4 is very slight.

The n-channel MOSFET circuit 112 as shown in
Figs. 6A and 7A has an equivalent circuit as shown in
Fig. 7B when its drain terminal D is provided with the
supply voltage VDD, its gate terminal G is supplied with
an input voltage Vin and its source terminal is grounded.

As described above, since an enhancement n-
channel MOSFET has a backgate regions of p-type
semiconductor, a parasitic diode D3 is formed across
the backgate terminal B and the source terminal S of
the high threshold voltage MOSFET M1. The low
threshold voltage MOSFET M2 functions as a diode
with its drain terminal D (or source terminal S) and gate
terminal G being the anode, and its source terminal S
(or drain terminal D) being the cathode.

The forward voltage Vf of the diode D3 is approxi-
mately 0.8V, whereas the forward voltage Vf of a diode
D1 formed by the low threshold voltage MOSFET M2
equals the threshold voltage of the MOSFET M2 (about
0.2V).

Next, the operation of the MOSFET circuit 112 will
be described.

(1) When the input voltage Vin (Vgs) = VDD

In this case, the MOSFET circuit 112 is turned
on, and its equivalent circuit is as shown in Fig. 7C.
The forward current i3 of the diode D3 is limited by
the leakage current of the diode D1. Specifically,
the anode potential Vb of the diode D3 is limited to
less than 0.8V by the dark current of the diode D1.
Thus, although the voltage Vb of the backgate ter-
minal becomes positive, it cannot exceed the for-
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ward voltage Vf of the diode D3 because it is
clamped by the dark current of the diode D1, and is
kept within 0< Vb = 0.8V as shown in Fig. 8. In addi-
tion, the positive backgate terminal voltage Vb pro-
duces the backgate effect, and hence the threshold
voltage of the high threshold voltage MOSFET M1
is reduced. Thus, the ON state resistance of the
MOSFET M1 is reduced.

Furthermore, the current from the gate terminal
to the backgate terminal is intercepted by the
reversely connected diode D1. This makes it possi-
ble to prevent the large current which flows through
the gate terminal G, backgate terminal B and
source terminal S of the MOSFET M1 in the con-
ventional circuit when VDD > 0.8V and the diode D3
conducts.

(2) When the input voltage Vin (Vgs) =0

In this case, the MOSFET circuit 112 is turned
off, and its equivalent circuit is as shown in Fig. 7D.
Both diodes D1 and D3 are cut off, resulting in the
backgate terminal voltage Vb = 0. As a result, the
high threshold voltage MOSFET M1 does not pro-
duce the backgate effect, and its threshold voltage
is kept high.

Thus, a supply voltage VDD > 0.8V can achieve a
variable bias of the MOSFET M1. In other words, the
MOSFET M1 takes the high threshold voltage when the
input voltage Vin = 0, whereas it takes the low threshold
voltage when Vin = VDD .

Figs. 9A and 9B show a structure of the n-channel
MOSFET circuit 112 formed on a SOl integrated circuit.
Fig. 9A is a plan view, and Fig. 9B is a cross-sectional
view taken along the line A-A in Fig. 9A. The reference
numerals 21, 22, 23, 24 and 25 designate the drain, the
source, the gate, the body under the gate 23, and the
backgate terminal of the high threshold voltage n-chan-
nel MOSFET M1, respectively. The body refers to the p-
region of an n-channel SOl MOSFET or the n-region of
a p-channel SOl MOSFET, and corresponds to the
backgate region in a-bulk structure. The reference
numerals 26, 27, 28 and 29 designate the source, the
drain, the gate, and the body under the gate 28 of the
low threshold voltage n-channel MOSFET M2, respec-
tively. The reference numerals 30, 31, 32 and 33 desig-
nate wiring metals, a silicon substrate, a buried oxide
and contact holes, respectively.

The body 24 of the high threshold voltage MOSFET
M1 is connected to the gate 28 and source 26 of the low
threshold voltage MOSFET M2 through the backgate
terminal 25 and the wiring metal 30. In contrast, the
body 29 of the low threshold voltage MOSFET M2 is not
connected to its backgate terminal, but is made floating.
The SOI MOSFET is characterized in that its body can
be made floating without providing a well for each MOS-
FET which is needed in the bulk MOSFET.

The floating of the body increases the potential of
the body, thereby decreasing the threshold voltage.
Thus, in terms of the SOl MOSFET, high threshold volt-
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age MOSFETs and low threshold voltage MOSFETs
can be fabricated depending on whether the body is
biased or not without using a special mask for adjusting
the threshold voltage in the fabrication process.

Apart from this, the threshold voltage of the MOS-
FET can be adjusted at higher accuracy by controlling
the carrier concentration in the body. Fig. 10 shows the
relationships of the carrier concentration and the thresh-
old voltage. A decrease in the carrier concentration
results in an increase in the depletion layer width W, and
reduces the voltage needed for forming the channel,
thereby reducing the threshold voltage.

Fig. 11A illustrates the state in which the carrier
concentration is decreased to increase the depletion
layer width W so that the body 24A is fully depleted. In
this state, the threshold voltage is reduced. In contrast,
Fig. 11B illustrates the state in which the carrier concen-
tration is increased to decrease the depletion layer
width W so that the body 24B is partially depleted. In
this state, the threshold voltage is increased.

Thus, the body 29 of the low threshold voltage
MOSFET M2 is made fully depleted as shown in Fig.
11A, and the body 24 of the high threshold voltage
MOSFET M1 is made partially depleted as shown in
Fig. 11B. The full depletion layer of the low threshold
voltage MOSFET M2 results in an increase in its mutual
inductance and reduction in the gate capacitance,
thereby markedly improving the operating speed.

Figs. 12A and 12B show the n-channel MOSFET
112 as shown in Fig. 6A, which is implemented in a bulk
structure. The bulk MOSFET includes an n+ buried
layer and a p-well formed in a p-silicon substrate, and
backgate regions of the MOSFETs M1 and M2 formed
in the p-well.

Figs. 13A - 13D are diagrams illustrating results of
this embodiment. Figs. 13A and 13B show the circuit
arrangement of a conventional MOSFET, and its current
characteristics, and Figs. 13C and 13D show the circuit
arrangement of the MOSFET in accordance with the
present invention, and its current characteristics. As
shown in Figs. 13A and 13B, the leakage current oo
increases exponentially in a conventional n-channel
MOSFET Ma whose gate terminal is directly connected
to its backgate terminal, because the backgate potential
increases in proportion to the supply voltage VDD. In
contrast with this, an increase in the leakage current
can be suppressed in the n-channel MOSFET Ma in
accordance with the present invention, whose gate ter-
minal is connected to its backgate terminal through a
low threshold voltage n-channel rectifier MOSFET Mb.
This is because the rectifier MOSFET Mb is reversely
biased, and hinders the current increase. In the case
where the supply voltage is 1V, the circuit in accordance
with the present invention can reduce the leakage cur-
rent by four orders in magnitude in comparison with the
conventional circuit.

Fig. 14A and 14B show variations of the present
embodiment. The MOSFET of Fig. 14A is provided with
a control terminal besides the gate terminal of the MOS-



15 EP 0 739 097 A2 16

FET of Fig. 6A, and the gate electrode of the MOSFET
M1 is connected to the gate terminal. In addition, the
gate of the MOSFET M2 is connected to the control ter-
minal. By thus separating the gate terminal and the con-
trol terminal, the operation mode of the MOSFET M1
can be controlled by an external signal. An example of
this will be described later.

EMBODIMENT 2

Figs. 15A and 15B show CMOS inverters 122 and
121 in accordance with a second embodiment of the
present invention. Fig. 15A shows the CMOS inverter
122 including a low threshold voltage p-channel MOS-
FET MS5 functioning as the load transistor, and the high
threshold voltage n-channel MOSFET circuit 112 as
shown in Fig. 6A, which functions as the driver transis-
tor. Likewise, Fig. 15B shows the CMOS inverter 121
including the p-channel MOSFET circuit 111 as shown
in Fig. 6B, which functions as the load transistor, and a
low threshold voltage n-channel MOSFET M6 function-
ing as the driver transistor.

Figs. 16A and 16B show variations of the second
embodiment. Fig. 16A shows a 2-input NOR circuit 123,
and Fig. 16B shows a 2-input NAND circuit 124. In Fig.
16A, the 2-input NOR circuit 123 includes two low
threshold voltage p-channel MOSFETs M7 and M8 con-
nected in series to form the load transistor, and the two
n-channel MOSFETs 112 as shown in Fig. 6A con-
nected in parallel to form the driver transistor. On the
other hand, in Fig. 16B, the 2-input NAND circuit 124
includes two low threshold voltage p-channel MOSFETs
M9 and M10 connected in parallel to form the load tran-
sistor, and the two n-channel MOSFETs 112 as shown
in Fig. 6A connected in series to form the driver transis-
tor.

Since the second embodiment uses the n-channel
MOSFET circuit 112 as shown in Fig. 6A, and the p-
channel MOSFET circuit 111 as shown in Fig. 6B, it can
realize variable threshold voltage even with the supply
voltage VDD > 0.8V by applying the variable bias of the
MOSFETs M1 and M2, thereby achieving lower power
consumption in a higher supply voltage region.

The low threshold voltage MOSFETs M5 - M10 can
be replaced by high threshold voltage MOSFETs in
Figs. 15A - 16B.

EMBODIMENT 3

Figs. 17, 18A and 18B show CMOS logic circuits in
accordance with a third embodiment of the present
invention, which are configured using only the MOSFET
circuits 111 and 112 as shown in Figs. 6A and 6B. Fig.
17 shows a CMOS inverter 131 including the n-channel
MOSFET circuit 112 functioning as the driver transistor,
and the p-channel MOSFET circuit 111 functioning as
the load transistor. Fig. 18A shows a 2-input NOR circuit
132 including two p-channel MOSFET circuits 111 con-
nected in series to form the load transistor, and two n-
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channel MOSFET circuits 112 connected in parallel to
form the driver transistors. Fig. 18B shows a 2-input
NAND circuit 133 including two p-channel MOSFET cir-
cuits 111 connected in parallel to form the load transis-
tors, and two n-channel MOSFET circuits 112
connected in series to form the driver transistor. In these
2-input NOR circuit 132 and NAND circuit 133, the p-
channel MOSFET circuit 111 replaces each of the
MOSFETs M7 and M8 of the NOR circuit 123, and the
MOSFETs M9 and M10 of the NAND circuit 124 in Figs.
16A and 16B.

The third embodiment can also realize, as the sec-
ond embodiment, the variable threshold voltage even
for the supply voltage VDD > 0.8V by applying the vari-
able bias of the MOSFETS, thereby achieving the lower
power consumption in a higher supply voltage region.

The configurations of Figs. 15A - 18B are charac-
terized in that they can achieve a high speed, low power
consumption CMOS logic circuit in a wide power supply
voltage.

EMBODIMENT 4

Figs. 19A and 19B show CMOS logic circuits in
accordance with a fourth embodiment of the present
invention, in which the CMOS inverter circuit 122 as
shown in Fig. 15A and the CMOS inverter circuit 121 as
shown in Fig. 15B are alternately connected in cascade
to form four stage buffer circuits 141 and 142. The buffer
circuits 141 and 142 differ in that the final stage is the
CMOS inverter 121 or 122.

In the foregoing inverter 122 of Fig. 15A, the low
threshold voltage MOSFET M5 is off when the input
voltage Vin is "H" level, and the output voltage Vout is
"L" level. In contrast, in the inverter 121 of Fig. 15B, the
low threshold voltage MOSFET M& is off when the input
voltage Vin is "L" level, and the output voltage Vout is
"H" level. The leakage current of the low threshold volt-
age MOSFETs M5 and M6 is large when they are off
because of their insufficient resistance.

On the other hand, in the inverter 122 of Fig. 15A,
the n-channel MOSFET circuit 112 is off when the input
voltage Vin is "L" level, and the output voltage Vout is
"H" level. In contrast, in the inverter 121 of Fig. 15B, the
p-channel MOSFET circuit 111 is off when the input
voltage Vin is "H" level, and the output voltage Vout is
"L" level. The leakage current of these circuit 112 and
111 is small when they are off because of their suffi-
ciently large resistance.

Thus, when the input and output terminals are
placed at "H" level, the buffer circuit 141 of Fig. 19A has
a small leakage current because the entire gate circuits
have small leakage currents. In other words, the static
current of the buffer circuit 141 is small when the input
voltage is "H", but is large when the input voltage is "L".
In contrast, the buffer circuit 142 of Fig. 19B has a small
leakage current when the input and output terminals are
placed at "L" level because the entire gate circuits have
small leakage currents. In other words, the static current



17 EP 0 739 097 A2 18

of the buffer circuit 142 is small when the input voltage
is "L", but is large when the input voltage is "H".

This means that the current in a sleep mode due to
the leakage current of the devices can be reduce in the
buffer circuits 141 and 142 at one of the binary logic val-
ues. There are many variations of this simple example.
For example, a buffer circuits including four or more
even stages of the circuits 121 and 122 alternately con-
nected in cascade, or an inverter of odd stages con-
nected in a similar manner.

EMBODIMENT 5

Figs. 20, 21A and 21B are circuit diagrams showing
a fifth embodiment in accordance with the present
invention. First, Fig. 20 shows a CMOS logic circuit 151
in which the p-channel MOSFET 111 circuit shown in
Fig. 6B replaces the high-potential power supply con-
troller 4 in the CMOS logic circuit described with refer-
ence to Fig. 2, and the n-channel MOSFET circuit 112
shown in Fig. 6A replaces the low-potential power sup-
ply controller 5.

The operation of this CMOS logic circuit 151 is the
same as that of the circuit of Fig. 2 up to the supply volt-
age VDD = 0.8V (more precisely, up to the forward volt-
age Vi of the diode D3). When the power supply voltage
VDD exceeds 0.8V, the backgate voltage of the high
threshold voltage MOSFETs M1 and M3 are clamped
by the low threshold voltage MOSFETs M2 and M4 in
the MOSFET circuits 112 and 111. Therefore, the
increase in the gate current is prevented, and the
threshold voltage during the operation is dropped,
thereby achieving the low impedance of the MOSFETs
M1 and M3, and implementing the high speed opera-
tion. Thus, the advantages of the circuit as shown in Fig.
2 are achieved to a wider supply voltage range.

Although the MOSFET circuits 112 and 111 of Figs.
6A and 6B are used at both high-potential power supply
controller and low-potential power supply controller in
the CMOS logic circuit 151 in Fig. 20, this is not essen-
tial. For example, a CMOS logic circuit 152 as shown in
Fig. 21A can be implemented in which only the p-chan-
nel MOSFET circuit 111 is connected to the high-poten-
tial side, or a CMOS logic circuit 153 as shown in Fig.
21B can be implemented in which only the n-channel
MOSFET circuit 112 is connected to the low-potential
side. In these cases, the power supply terminal to which
the power supply controller is not connected is directly
connected to the power supply VDD or to the ground.
These configurations can achieve nearly similar effect
and advantages.

EMBODIMENT 6

Figs. 22A - 22C are circuit diagrams showing a sixth
embodiment in accordance with the present invention.
Fig. 22A shows a configuration in which the buffer cir-
cuits 141 and 142 as shown in Figs. 19A and 19B are
connected to the input terminals of the signals SL and
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*SL of the CMOS logic circuit 151 shown in Fig. 20,
respectively. Fig. 22B shows a configuration in which
the buffer circuits 141 as shown in Fig. 19A is connected
to the input terminal of the signal SL of the CMOS logic
circuit 152 shown in Fig. 21A, and Fig. 22C shows a
configuration in which the buffer circuits 142 as shown
in Fig. 19B is connected to the input terminal of the sig-
nal *SL of the CMOS logic circuit 153 shown in Fig. 21B.

In the circuits as shown in Figs. 22A - 22C, the rest
current of the buffer circuits 141 and 142 decreases
when the signal SL is "H" and the signal *SL is "L", that
is, when the low threshold voltage CMOS logic circuit
group 3 is in a waiting (sleeping) mode.

Thus, since the rest current is very small when the
low threshold voltage CMOS logic circuit group 3 is in
the waiting mode, this circuit is effective to reduce the
power consumption. In particular, when a ratio of the
waiting mode to the active mode is large, effective
power reduction can be implemented. As a result, the
circuits as shown in Fig. 22A - 22C have an advantage
that they can achieve the high speed operation in the
active mode and the low power consumption in the wait-
ing mode at the same time in a wide supply voltage
range from less than 1V up to 3 to 5V.

In summary, the arrangements as shown in Figs. 20
- 22C can implement a high speed, low power con-
sumption multi-threshold CMOS logic circuit in a wide
supply voltage. In particular, the configurations in Figs.
22A - 22C has a very low leakage current, and hence
very low power consumption in the waiting mode, and is
effective when the waiting mode is longer than the
active mode.

It is possible to arrange the circuits in Figs. 20, 21A,
21B, 22A - 22C with SOl MOSFETS, and to make float-
ing the bodies of the many low threshold voltage MOS-
FETs constituting the CMOS logic circuit 3. This
obviates the backgate terminals. In the SOl MOSFETS,
each of the backgate terminals must be drawn from
each one of the MOSFETSs. In addition, the backgate
terminals require a certain amount of areas as shown in
Figs. 9A and 9B. As a result, the area occupied by the
entire backgate terminals in a chip is rather substantial.
Accordingly, obviating the background terminals will
greatly reduce the chip area, thereby implementing a
high density integration. In the n-channel (p-channel)
MOSFETSs, in which the body is floated, the potential of
the body will increase (decrease) owing to the inflow of
holes (electrons) from the drain to the body. Thus, the
threshold voltage drops, and the MOSFETs in the
CMOS logic circuit can operate at a low voltage.

EMBODIMENT 7

Fig. 23 is a circuit diagram showing a MOSFET cir-
cuit of a seventh embodiment in accordance with the
present invention. In this figure, the reference numeral
201 designates a first control terminal to which a control
signal C is input, 202 denotes a second control terminal
to which a control signal *C complementary to the con-
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trol signal C is input, 203 designates an internal CMOS
circuit including n-cascaded CMOS inverters, 204
denotes a signal input terminal, and 205 denotes a sig-
nal output terminal.

In this circuit, all the backgate terminals of p-chan-
nel MOSFETs M31 - M3n constituting the load MOS-
FETs of the internal CMOS circuit 203 are connected to
the first control terminal 201 through a p-channel MOS-
FET M1 (a first rectifier element) whose gate and
source are interconnected. Likewise, all the backgate
terminals of n-channel MOSFETs M41 - M4n constitut-
ing the driver MOSFETSs of the internal CMOS circuit
203 are connected to the second control terminal 202
through an n-channel MOSFET M2 (a second rectifier
element) whose gate and source are interconnected.

The p-channel MOSFET M1 with its gate and
source interconnected conducts a forward current from
the drain to the gate and source, thereby functioning as
a diode whose anode is the drain, and cathode is the
gate and source. The forward voltage Vi of the diode is
the threshold voltage of the MOSFET M1.

The n-channel MOSFET M2 with its gate and
source interconnected conducts a forward current from
the gate and source to the drain, thereby functioning as
a diode whose anode is the gate and source, and cath-
ode is the drain. The forward voltage Vi of the diode is
the threshold voltage of the MOSFET M2.

Next, the operation of the seventh embodiment will
be described. First, when the control signal C applied to
the first control terminal 201 is low, the p-channel MOS-
FET M1 functioning as a rectifier element is reversely
biased, and operates as one of the reference diodes
due to its leakage current. This will drop the backgate
voltage of the MOSFETs M31 - M3n, thereby reducing
their threshold voltage.

In this case, since the control signal *C applied to
the second control terminal 202 is high, the n-channel
MOSFET M2 functioning as a rectifier element is also
reversely biased, and operates as one of the reference
diodes due to its leakage current. This will increase the
backgate voltage of the MOSFETs M41 - M4n, thereby
reducing their threshold voltage.

The drop of the threshold voltages makes it possi-
ble for MOSFETS to operated at a high speed even with
a low supply voltage near the original threshold voltage
of the MOSFETSs.

Furthermore, although a short-circuit is formed
between the backgate terminal and the source terminal
due to forward bias in each MOSFET, the reverse-
biased MOSFETs M1 and M2, through which only the
leakage current flows, can prevent short-circuit current
from flowing. This effect is particularly distinct when the
supply voltage exceeds the forward voltage Vf (0.8V) of
the diode D3, in comparison with the conventional cir-
cuit.

Moreover, the small leakage current flowing
through the rectifier MOSFETs M1 and M2 can prevent
a great decrease in the backgate potential of the p-
channel MOSFETs M31 - M3n, and a great increase in
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the backgate potential of the n-channel MOSFETs M41
- M4n.

Next, when the control signal C applied to the first
control terminal 201 is high, and the control signal *C
applied to the second control terminal 202 is low, the
rectifier MOSFETs M1 and M2 are forwardly biased.
This will set the backgate terminals of the p-channel
MOSFETs M31 - M3n at a high potential, and the back-
gate terminals of the n-channel MOSFETs M41 - M4n at
a low potential. In this case, the source terminal and
backgate terminal of each of the MOSFETs M31 - M3n
and M41 - M4n are kept equipotential, thereby causing
no drop in the threshold voltage or short-circuit current.

Thus, as shown in Fig. 24, the circuit is in an active
mode when the control signal C is low, and the control
signal *C is high, because the threshold voltage of the
MOSFETSs is changed low in this case. Accordingly, it is
possible for the circuit to use a low supply voltage, and
to achieve a high speed operation in the active mode.
Reversely, the circuit is in a sleep mode when the con-
trol signal C is high, and the control signal *C is low, in
which case the threshold voltage of the MOSFETSs is
kept at the original high threshold voltage. Accordingly,
it is possible for the circuit to reduce the power con-
sumption in the sleep mode because the leakage cur-
rent flowing through the source and drain of each of the
MOSFETSs is kept very low in this mode.

Although the rectifier p-channel MOSFET M1 is
common to all the p-channel MOSFETs M31 - M3n, and
the rectifier n-channel MOSFET M2 is common to all the
n-channel MOSFETs M41 - M4n in the internal CMOS
circuit 203 in Fig. 23, this is not essential. For example,
the rectifier MOSFET can be connected to each one of
the MOSFETS, or to each set of plurality of MOSFETSs in
the internal CMOS circuit 203.

In addition, although the rectifier MOSFETs are
connected to the backgate terminals of both the p-chan-
nel MOSFETs M31 - M3n and n-channel MOSFETs
M41 and M4n in the internal CMOS circuit 203, this is
not necessary. For example, the rectifier MOSFET can
be connected to the backgate terminals of either the p-
or n-channel MOSFETSs, and a fixed voltage can be con-
nected to the backgate terminals of the remaining MOS-
FETs. In this case, if the fixed voltage is supplied to the
backgate terminals of the p-channel MOSFETSs, they
are grounded, whereas if the fixed voltage is supplied to
the backgate terminals of the n-channel, they are pro-
vided with the power supply voltage. Alternatively, the
backgate terminals of the remaining MOSFETSs can be
made floating. In this case, the complementary control
signal *C is not needed.

In addition, although the internal CMOS circuit 203
consists of the CMOS inverters connected in cascade in
Fig. 23, it can include CMOS circuits other than CMOS
inverters.
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EMBODIMENT 8

Fig. 25 is a circuit diagram of a MOSFET circuit of
an eighth embodiment in accordance with the present
invention. In this embodiment, a p-channel MOSFET
M5 and an n-channel MOSFET M6 are used as a recti-
fier transistor with its gate and source connected in
common. Each of these MOSFETSs is a low threshold
voltage MOSFET with a threshold voltage lower than
that of the MOSFETs M31 - M3n and M41 - M4n consti-
tuting the internal CMOS circuit 203. For example, when
the MOSFETs M31 - M3n and M41 - M4n have a thresh-
old voltage of 0.6V, the rectifier MOSFETs M5 and M6
have a threshold voltage of 0.2V.

Using such a low threshold voltage MOSFETs as
the rectifier MOSFETs M5 and M6 has an advantage
that a desired leakage current can be achieved with a
small area. This is because a low threshold voltage
MOSFET has a large leakage current.

EMBODIMENT 9

Fig. 26 is circuit diagram showing a MOSFET circuit
of a ninth embodiment in accordance with the present
invention. The internal circuit 203 of this circuit is a latch
circuit 206 including two cascaded inverters and a
transmission gate connected in a loop. The two invert-
ers are each arranged by combining a p-channel MOS-
FET M31 with an n-channel MOSFET M41, and M32
with M42, and the transmission gate is composed of a
p-channel MOSFET M33 and an n-channel MOSFET
M43. The backgate terminals of the p-channel MOS-
FETs M31 - M33 of the latch circuit 206 is connected to
a first control terminal 201 through a rectifier MOSFET
M5, and the backgate terminals of the n-channel MOS-
FETs M41 and M43 are connected to a second control
terminal 202 through a rectifier MOSFET Mé6.

In the MOSFET circuit as shown in Fig. 26, the
threshold voltages change of the p-channel MOSFET
M33 and the n-channel MOSFET M43 constituting the
transmission gate: The threshold voltages are lower
when they are in a conductive state than in a non-con-
ductive state. This reduces the ON state resistance of
the transmission gate, thereby ensuring its memory
operation with a low supply voltage just above the
threshold voltage of the non-conductive MOSFETs M33
and M43.

EMBODIMENT 10

Fig. 27 is a circuit diagram of a MOSFET circuit of a
tenth embodiment in accordance with the present
invention. In this embodiment, the internal CMOS circuit
203 is a memory cell 207 composed of p-channel MOS-
FETs M71 and M72, n-channel MOSFETs M81 and
M82, and n-channel MOSFETs M91 and M92 constitut-
ing transmission gates. The backgate terminals of the n-
channel MOSFETs M81, M82, M91 and M92 are con-
nected to a control word line 209 which is connected to
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a word line 208 through a rectifier n-channel MOSFET
M10. The reference numeral 210 designates a bit line,
and 211 denotes an inverted bit line.

With such an arrangement, the threshold voltage
will drop of the n-channel MOSFETS of the memory cell
207 selected by the word line 208, thereby reducing an
equivalent resistance of these MOSFETSs. This enables
the memory cell 207 to read and write positively even
with a low supply voltage at which the ON state resist-
ance of the MOSFETSs increases.

Although the transmission gates of the memory cell
207 employ the n-channel MOSFETs M91 and M92 in
the configuration of Fig. 27, it can use p-channel MOS-
FETs with their backgate terminals connected to the
word line 208 through a rectifier MOSFET. Furthermore,
complementary control words can also be adopted, in
which case the circuit becomes similar to those of Figs.
23 and 25.

Fig. 28 is a graph illustrating a reduction effect of
the leakage current |, flowing through the backgate
terminal and the source terminal of a MOSFET when
they are forwardly biased. As is clear from this figure,
the leakage current |, is greatly reduced in the MOS-
FET in accordance with the present invention.

The foregoing circuits are effectively formed on a
SOl substrate as described above. This is because
each MOSFET formed on the SOI substrate has an
independent backgate region, and hence the potential
of the backgate terminal can be set rather arbitrary.

The present invention has been described in detail
with respect to various embodiments, and it will now be
apparent from the foregoing to those skilled in the art
that changes and modifications may be made without
departing from the invention in its broader aspects, and
it is the intention, therefore, in the appended claims to
cover all such changes and modifications as fall within
the true spirit of the invention.

Claims
1. A MOSFET circuit characterized by comprising:

a first MOSFET having a first threshold voltage;
and

a second MOSFET having a second threshold
voltage lower than or equal to said first thresh-
old voltage, said second MOSFET having a
gate electrode and a first main current elec-
trode connected to a backgate electrode of
said first MOSFET, and a second main current
electrode connected to an external signal.

2. The MOSFET circuit as claimed in claim 1, charac-
terized in that said first main current electrode is a
source electrode, and said second main current
electrode is a drain electrode.

3. The MOSFET circuit as claimed in claim 1, charac-
terized in that a gate electrode of said first MOSFET
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is connected to the second main current electrode
of said second MOSFET.

The MOSFET circuit as claimed in claim 1, charac-
terized in that said second threshold voltage is
lower than said first threshold voltage.

The MOSFET circuit as claimed in claim 1, charac-
terized in that said second threshold voltage is
equal to said first threshold voltage.

A CMOS logic circuit including a series connection
of a load transistor and a driver transistor, one of
said driver transistor and said load transistor includ-
ing a first MOSFET circuit, said first MOSFET cir-
cuit comprising:

a first MOSFET having a first threshold voltage,
and being connected to the other of said driver
transistor and said load transistor; and

a second MOSFET having a second threshold
voltage lower than said first threshold voltage,
and having a gate elecirode and a first main
current electrode connected to a backgate
electrode of said first MOSFET, and a second
main current electrode connected to a gate
electrode of said first MOSFET.

The CMOS logic circuit as claimed in claim 6, char-
acterized in that the other of said driver transistor
and said load transistor is a MOSFET, and said
CMOS logic circuit is a CMOS inverter.

The CMOS logic circuit as claimed in claim 6, char-
acterized in that said load transistor comprises M
(M is an integer greater than one) MOSFETs con-
nected in series, and said driver transistor com-
prises M said first MOSFET circuits connected in
parallel, and said CMOS logic circuit is a NOR cir-
cuit.

The CMOS logic circuit as claimed in claim 6, char-
acterized in that said load transistor comprises M
(M is an integer greater than one) MOSFETs con-
nected in parallel, and said driver transistor com-
prises M said first MOSFET circuits connected in
series, and said CMOS logic circuit is a NAND cir-
cuit.

The CMOS logic circuit as claimed in claim 6, char-
acterized in that the other of said driver transistor
and said load transistor includes a second MOS-
FET circuit, said second MOSFET comprising:

a third MOSFET having a third threshold volt-
age, and being connected with said first MOS-
FET circuit in series; and

a fourth MOSFET having a fourth threshold
voltage lower than said third threshold voltage,
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and having a gate electrode and a first main
current electrode connected to a backgate
electrode of said third MOSFET, and a second
main current electrode connected to a gate
electrode of said third MOSFET.

The CMOS logic circuit as claimed in claim 10,
characterized in that said CMOS logic circuit is a
CMOS inverter.

The CMOS logic circuit as claimed in claim 10,
characterized in that said driver transistor com-
prises M (M is an integer greater than one) said first
MOSFET circuits connected in parallel, and said
load transistor comprises M said second MOSFET
circuits connected in series, and said CMOS logic
circuit is a NOR circuit.

The CMOS logic circuit as claimed in claim 10,
characterized in that said driver transistor com-
prises M (M is an integer greater than one) said first
MOSFET circuits connected in series, and said
load transistor comprises M said second MOSFET
circuits connected in parallel, and said CMOS logic
circuit is a NAND circuit.

A buffer circuit including a first CMOS inverter and
a second CMOS inverter alternately connected in
cascade,

wherein a load transistor of said first CMOS
inverter comprises:

a first MOSFET having a first threshold voltage,
and being connected with a driver transistor of
said first CMOS inverter in series; and
a second MOSFET having a second threshold
voltage lower than said first threshold voltage,
and having a gate electrode and a first main
current electrode connected to a backgate
electrode of said first MOSFET, and a second
main current electrode connected to a gate
electrode of said first MOSFET, and

wherein a driver transistor of said sec-
ond CMOS inverter comprises:
a third MOSFET having a third threshold volt-
age, and being connected with a load transistor
of said second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold
voltage lower than said third threshold voltage,
and having a gate electrode and a first main
current electrode connected to a backgate
electrode of said third MOSFET, and a second
main current electrode connected to a gate
electrode of said third MOSFET.

A CMOS logic circuit including a low threshold
CMOS logic circuit and at least one switching cir-
cuit, said low threshold CMOS logic circuit including
MOSFETs with a threshold voltage lower than a
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first threshold voltage, and said switching circuit
being connected between a power supply terminal
of said low threshold CMOS logic circuit and a
power supply, wherein said switching circuit com-
prises:

a first MOSFET having said first threshold volt-
age, and being connected between said power
supply and said power supply terminal of said
low threshold CMOS logic circuit; and

a second MOSFET having a second threshold
voltage lower than said first threshold voltage,
and having a gate elecirode and a first main
current electrode connected to a backgate
electrode of said first MOSFET, and a second
main current electrode connected to a gate
electrode of said first MOSFET.

The CMOS logic circuit as claimed in claim 15,
characterized in that said switching circuit is con-
nected between a high potential terminal of said
power supply and a high potential power supply ter-
minal of said low threshold CMOS logic circuit.

The CMOS logic circuit as claimed in claim 15,
characterized in that said switching circuit is con-
nected between a low potential terminal of said
power supply and a low potential power supply ter-
minal of said low threshold CMOS logic circuit.

The CMOS logic circuit as claimed in claim 16,
characterized in that said switching circuit is further
connected between a low potential terminal of said
power supply and a low potential power supply ter-
minal of said low threshold CMOS logic circuit.

The CMOS logic circuit as claimed in claim 15,
characterized in that said CMOS logic circuit is
switched between a sleep mode and an active
mode by a sleep signal externally fed, and further
comprises a first buffer connected to a non-inverted
sleep signal input terminal of said CMOS logic cir-
cuit, and a second buffer connected to an inverted
sleep signal input terminal of said CMOS logic cir-
cuit,

wherein said first buffer comprises a first
CMOS inverter and a second CMOS inverter alter-
nately connected in cascade, and a load transistor
of said first CMOS inverter comprises:

a first MOSFET having said first threshold volt-
age, and being connected with a driver transis-
tor of said first CMOS inverter in series; and

a second MOSFET having a second threshold
voltage lower than said first threshold voltage,
and having a gate elecirode and a first main
current electrode connected to a backgate
electrode of said first MOSFET, and a second
main current electrode connected to a gate
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electrode of said first MOSFET,

wherein a driver transistor of said sec-
ond CMOS inverter comprises:
a third MOSFET having a third threshold volt-
age, and being connected with a load transistor
of said second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold
voltage lower than said third threshold voltage,
and having a gate electrode and a first main
current electrode connected to a backgate
electrode of said third MOSFET, and a second
main current electrode connected to a gate
electrode of said third MOSFET, and

wherein said second buffer comprises
said second CMOS inverter and said first
CMOS inverter alternately connected in cas-
cade.

20. The CMOS logic circuit as claimed in claim 15,

characterized in that said CMOS logic circuit is
switched between a sleep mode and an active
mode by a sleep signal externally fed, and further
comprises a buffer connected to a non inverted
sleep signal input terminal of said CMOS logic cir-
cuit,

wherein said buffer comprises a first CMOS
inverter and a second CMOS inverter alternately
connected in cascade, and a load transistor of said
first CMOS inverter comprises:

a first MOSFET having said first threshold volt-
age, and being connected with a driver transis-
tor of said first CMOS inverter in series; and
a second MOSFET having a second threshold
voltage lower than said first threshold voltage,
and having a gate electrode and a first main
current electrode connected to a backgate
electrode of said first MOSFET, and a second
main current electrode connected to a gate
electrode of said first MOSFET, and

wherein a driver transistor of said sec-
ond CMOS inverter comprises:
a third MOSFET having a third threshold volt-
age, and being connected with a load transistor
of said second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold
voltage lower than said third threshold voltage,
and having a gate electrode and a first main
current electrode connected to a backgate
electrode of said third MOSFET, and a second
main current electrode connected to a gate
electrode of said third MOSFET.

21. The CMOS logic circuit as claimed in claim 15,

characterized in that said CMOS logic circuit is
switched between a sleep mode and an active
mode by a sleep signal externally fed, and further
comprises a buffer connected to an inverted sleep
signal input terminal of said CMOS logic circuit,
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wherein said buffer comprises a first CMOS
inverter and a second CMOS inverter alternately
connected in cascade, wherein a driver transistor of
said first CMOS inverter comprises:

a first MOSFET having said first threshold volt-
age, and being connected with a load transistor
of said first CMOS inverter in series; and
a second MOSFET having a second threshold
voltage lower than said first threshold voltage,
and having a gate elecirode and a first main
current electrode connected to a backgate
electrode of said first MOSFET, and a second
main current electrode connected to a gate
electrode of said first MOSFET, and

wherein a load transistor of said second
CMOS inverter comprises:
a third MOSFET having a third threshold volt-
age, and being connected with a driver transis-
tor of said second CMOS inverter in series; and
a fourth MOSFET having a fourth threshold
voltage lower than said third threshold voltage,
and having a gate elecirode and a first main
current electrode connected to a backgate
electrode of said third MOSFET, and a second
main current electrode connected to a gate
electrode of said third MOSFET.

22. A CMOS logic circuit comprising:

an internal CMOS logic circuit including a set of
M (M is an integer equal to or greater than one)
driver transistors and a set of M load transis-
tors, said internal CMOS logic circuit changing
its operation mode in response to an external
control signal; and

a first MOSFET connected to a first MOSFET
circuit constituting one of said set of driver tran-
sistors and said set of load transistors, wherein
said first MOSFET has a same channel type as
said first MOSFET circuit, and comprises a
gate electrode and a first main current elec-
trode connected to a backgate electrode of
said first MOSFET circuit, and a second main
current electrode connected to said external
control signal.

23. The CMOS logic circuit as claimed in claim 22, fur-

ther characterized by comprising a second MOS-
FET connected to a second MOSFET circuit
constituting the other of said set of driver transistors
and said set of load transistors, wherein said sec-
ond MOSFET has a same channel type as said
second MOSFET circuit, and comprises a gate
electrode and a first main current electrode con-
nected to a backgate elecirode of said second
MOSFET circuit, and a second main current elec-
trode connected to an inverted signal of said exter-
nal control signal.
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The CMOS logic circuit as claimed in claim 23,
characterized in that a threshold voltage of each of
said first MOSFET and said second MOSFET is
lower than a threshold voltage of MOSFETs
included in said internal CMOS logic circuit.

The CMOS logic circuit as claimed in claim 22,
characterized in that said internal CMOS logic cir-
cuit comprises one or more CMOS inverters.

The CMOS logic circuit as claimed in claim 22,
characterized in that said internal CMOS logic cir-
cuit comprises a transmission gate.

The CMOS logic circuit as claimed in claim 22,
characterized in that said internal CMOS logic cir-
cuit comprises a memory cell, and said control sig-
nal is a word line signal.

The CMOS logic circuit as claimed in claim 22,
characterized in that said control signal is a sleep
signal which switches a mode of said internal
CMOS logic circuit into a sleep mode or into an
active mode.

The CMOS logic circuit as claimed in any one of
claims 1 - 28, characterized in that each MOSFET
of said CMOS logic circuit is a SOIFET which is
formed on a SOI (Semiconductor On Insulator) sub-
strate.

The CMOS logic circuit as claimed in claim 29,
characterized in that carrier concentration of a body
of each said low threshold MOSFET is controlled
such that said body becomes a fully depleted state.

The CMOS logic circuit as claimed in claim 29,
characterized in that carrier concentration of a body
of each said low threshold MOSFET is controlled
such that said body becomes a partially depleted
state.
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